To determine whether the Recurrence Score (RS) provided independent information on risk of distant recurrence (DR) in the tamoxifen and anastrozole arms of the Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trial.
INTRODUCTION
Primary breast cancer has highly heterogeneous clinical behavior that is underpinned by similarly heterogeneous molecular pathology. The latter can be used for the prediction of prognosis and response to therapies. A recent international survey rated development of a molecular signature to identify patients who could be spared chemotherapy as the highest translational research priority for breast cancer. 1 Prognostic indices may identify patients at such low risk of recurrence that they could gain insufficient benefit from chemotherapy to warrant the inherent toxicity.
Many individual molecular prognostic factors have been identified in patients with primary breast cancer, but few have played any role in disease management, whereas multigene prognostic tools have begun to guide treatment decision making. Of these, the Recurrence Score (RS) that is derived from the Oncotype DX assay (Genomic Health, Redwood City, CA) provides a validated estimate of prognosis for patients with node-negative (N0), estrogen receptor (ER)-positive disease if treated with tamoxifen alone. It has also been found that tamoxifen-treated patients with high RS showed the greatest benefit from additional chemotherapy, whereas patients with low RS had minimal,
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if any, chemotherapy benefit. [2] [3] [4] Recently, it has been reported that Oncotype DX is prognostic for hormone receptor-positive, postmenopausal, tamoxifen-treated patients with positive nodes and that chemotherapy provides little, if any, benefit for patients with low RS, despite the presence of positive nodes. 5 Large randomized trials have established the safety and efficacy of aromatase inhibitors (AIs) in patients with hormone receptor-positive breast cancer, and AIs are widely used in clinical practice. 6 The performance of the RS has not been evaluated in patients treated with an AI. The Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial compared adjuvant treatment with anastrozole (Arimidex; AstraZeneca, London, United Kingdom) versus tamoxifen versus a combination of both for 5 years in postmenopausal women with early-stage, operable breast cancer. 7 Our objective was to evaluate the prognostic value of the Oncotype DX assay for distant recurrence (DR) in postmenopausal women with localized N0 and node-positive (Nϩ) breast cancer treated with either tamoxifen or anastrozole alone in the ATAC trial.
PATIENTS AND METHODS

Study Population
The ATAC trial evaluated the efficacy and safety of 5 years of anastrozole, tamoxifen, or the combination of both treatments in postmenopausal women with localized breast cancer. 7 Under the TransATAC protocol, formalin-fixed, paraffin-embedded blocks of the primary tumor were collected from as many hormone receptor-positive patients as possible from the monotherapy arms. 8 Collection ceased on September 30, 2006. The current study examined samples collected from the United Kingdom, which constituted 79% of the collection.
Analytic Methods
The Oncotype DX RS was determined from fixed paraffin-embedded tissue as previously described. 2 After review of hematoxylin and eosin-stained slides to determine whether sufficient invasive breast cancer was present and whether manual microdissection was indicated, RNA was extracted from three 10-m unstained sections. Total RNA content was measured, and the absence of DNA contamination was verified. Gene expression profiling by standardized quantitative reverse transcriptase polymerase chain reaction for the Oncotype DX assay was performed using the prespecified 21 Oncotype DX genes. Reference-normalized expression measurements for each of the 16 cancerrelated genes ranged from 2 to 16, where each one-unit increase reflects approximately a two-fold increase in RNA. The RS, on a scale from 0 to 100, was derived from the reference-normalized expression measurements for the 16 cancer-related genes.
Pathology Methods
Local reading of tumor grade was derived from the case record forms. Central tumor grade was assessed by E.A.M. using the Elston and Ellis system. 9 ER status was derived centrally by immunohistochemistry. 
Study End Points
The association between RS and time to DR (TTDR, also known as DR-free interval), time to recurrence (TTR, also known as recurrence-free interval), and overall survival (OS) was evaluated. TTDR, the time from random assignment to first DR, was the prospectively defined primary end point. For TTDR, contralateral disease, local/regional recurrence, and other second primary cancers were not considered as events; death before DR was considered a censoring event. TTR was defined as time from random assignment to first locoregional recurrence, DR, or contralateral disease. OS was defined as time from random assignment to death from any cause.
Adjuvant! Online
The Adjuvant! Online Web site (http://www.adjuvantonline.com) was used to estimate 10-year risk of recurrence and death for each N0 patient by entering the values of the following clinical variables: tumor grade (1, 2, or 3), ER status (negative or positive), tumor size (0.1 to 1, 1.1 to 2, 2.1 to 3, 3.1 to 5, or Ͼ 5 cm), and age in years. 10 The Adjuvant! Online risk of recurrence was adjusted for the respective effects of tamoxifen and anastrozole as specified in the online documentation. To compare the prognostic ability of Adjuvant! Online (version 8.0) and RS in N0 patients, the 10-year predicted risk of any recurrence or mortality was calculated from Adjuvant! Online and evaluated in conjunction with the predicted risk of DR by RS.
Statistical Analyses
Analyses were performed according to a prespecified statistical analysis plan approved by the ATAC Steering Committee. Cox proportional hazards (PH) regression models were fitted to TTDR, TTR, and OS, and hazard ratios (HRs) and associated 95% CIs were estimated. Likelihood ratio tests were used for hypothesis testing. The hypothesis that there was a significant difference between the (reduced) PH model for DR based on patient age, pathologic tumor size, local tumor grade, and treatment versus a full PH model, in which the RS was also included, was tested in the prospectively defined primary analysis of N0, hormone receptor-positive patients treated either with tamoxifen or anastrozole. The adequacy of the PH assumption was verified for all variables by testing for a nonzero slope in a linear regression of the scaled Schoenfeld residual versus time. Improvements in prediction value were assessed by changes in the likelihood ratio 2 value, which provides a quantitative measure of the relative amount of information in this score compared with other variables. Centrally assessed tumor grade was used instead of local grade in all subsequent analyses because of the expectation of greater reliability. The number of positive nodes (one to three v Ն four positive nodes) was also included as a covariate for analyses in Nϩ patients.
To determine whether RS had a prognostic effect independent of Adjuvant! Online in N0 patients, the reduced PH model for DR, based on Adjuvant! Online-predicted 10-year recurrence rate (based on tumor grade, ER status, tumor size and age) and treatment group, was compared with the (full) PH model, which also included the RS predicted risk. 2 The Adjuvant! Onlinepredicted 10-year risk of recurrence with surgery alone was adjusted (ie, reduced) for the effects of tamoxifen or anastrozole as specified in the online documentation. Kaplan-Meier curves were calculated for RS groups and tested for equality using the log-rank test.
To define the continuous relation between RS, as a linear covariate, and 9-year risk of DR, the logarithm of the baseline cumulative hazard function was fitted by constrained cubic splines with three df. These models 11 tend to be more robust for prediction of survival probabilities and corresponding confidence limits at late follow-up times as a result of the modeling of the baseline cumulative hazard function by natural cubic splines (in contrast to using the crude hazard function itself). Prediction of risks was then obtained by PH model after having verified the appropriateness of the proportional assumption and the linear functional form for RS. There were minimal data after 9 years, and the decision to calculate estimates of DR at 9 years was made before the data analyses, in keeping with previous ATAC analyses. 7 Analyses were also conducted with TTR and OS as end points. All hypothesis tests were conducted at the two-sided P ϭ .05 level.
RESULTS
Characteristics of Study Population and RS Distribution
Four thousand one hundred sixty hormone receptor-positive patients were randomly assigned to the monotherapy arms of the ATAC trial. A total of 2,006 blocks were obtained; 1,372 blocks from patients from the United Kingdom contained sufficient invasive tumor for analysis; reverse transcriptase polymerase chain reaction was successful in 1,308 samples (95%). After merging the genomic and clinical databases, 77 patients were excluded as a result of clinical characteristics (65 patients received adjuvant chemotherapy, four patients were hormone receptor negative, and eight patients did not start endocrine therapy). In the 1,231 evaluable patients, median follow-up time was 8.5 years. Eight hundred seventy-two patients (71%) were N0, 306 patients (25%) were Nϩ (243 [79%] with one to three positive nodes and 63 [21%] with Ն four positive nodes), and 53 patients (4%) had unknown nodal status. Six hundred nine patients were treated with tamoxifen, and 622 were treated with anastrozole. The clinical characteristics of the 1,231 patients in this study are listed in Table 1 , along with the characteristics of the 2,929 randomly assigned, hormone receptor-positive patients in the ATAC trial who were not included in this study. Although there were several statistically significant differences, the magnitude of the differences was small.
In the N0 and Nϩ subgroups, 72 patients (8%) and 74 patients (24%), respectively, experienced DR. Six DR events (11%) occurred in patients with unknown nodal status. In N0 patients, 59% had an RS of less than 18, 26% had an RS of 18 to 30, and 15% had an RS of Ն 31; in Nϩ patients, the distribution was 52%, 31%, and 17%, respectively.
RS and Risk of DR
In the prespecified primary analysis in all N0 patients, RS for a 50-point change (eg, RS ϭ 55 v RS ϭ 5) was significantly associated with risk of DR (HR ϭ 3.92; 95% CI, 2.08 to 7.39; ⌬ 2 ϭ 15.5; P Ͻ .001) when adjusted for the effects of tumor size, local grade, age, and treatment. When local grade was replaced with central grade in the multivariate analysis, RS adjusted for the same features was also significantly associated with the risk of DR (HR ϭ 5.25; 95% CI, 2.84 to 9.73; ⌬ 2 ϭ 22.7; P Ͻ .001; Table 2 ), and the difference between the two was not statistically significant. Tumor size and RS were each separately statistically significant in predicting TTDR in N0 patients (⌬ 2 ϭ 16.5, P Ͻ .001 and ⌬ 2 ϭ 22.7, P Ͻ .001, respectively). The RS was also predictive of TTDR in Nϩ patients, with an HR of 3.47 (95% CI, 1.64 to 7.38; ⌬ 2 ϭ 9.4; P ϭ .002) in multivariate analyses; number of positive nodes (⌬ 2 ϭ 22.7, P Ͻ .001) and tumor size (⌬ 2 ϭ 7.7, P ϭ .006) were also statistically significant variables in multivariate analyses.
Kaplan-Meier curves (Figs 1A and 1B) show clear differences in absolute DR rates for N0 and Nϩ patients according to RS. The rates of DR at 9 years in the RS less than 18, RS 18 to 30, and RS Ն 31 groups were 4% (95% CI, 3% to 7%), 12% (95% CI, 8% to 18%), and 25% (95% CI, 17% to 34%), respectively, in N0 patients and 17% (95% CI, 12% to 24%), 28% (95% CI, 20% to 39%), and 49% (95% CI, 35% to 64%), respectively, in Nϩ patients. When adjusted for clinical variables, in N0 patients, the HR between high and low RS groups was 5.2 (95% CI, 2.7 to 10.1) and the HR between intermediate and low Abbreviations: ATAC, Arimidex, Tamoxifen, Alone or in Combination; HRT, hormone replacement therapy; BMI, body mass index.
‫ء‬
The unknown category was not used for comparisons. RS groups was 2.5 (95% CI, 1.3 to 4.5); in Nϩ patients, the HRs were 2.7 (95% CI, 1.5 to 5.1) and 1.8 (95% CI, 1.0 to 3.2), respectively. Similar results were observed considering OS as an end point (Appendix Figs A1 and A2, online only); the OS rates at 9 years in the RS less than 18, RS 18 to 30, and RS Ն 31 groups were 88%, 84%, and 73%, respectively, in N0 patients and 74%, 69%, and 54%, respectively, in Nϩ patients. The risk of DR increased linearly with increasing RS (Fig 2) . For any RS, the risk of DR was higher for Nϩ than N0 patients and for patients with Ն four positive nodes than patients with one to three positive nodes. Similar results were obtained with fractional polynomial regression 12 (data not shown).
RS and Risk of DR by Treatment
The prognostic value of RS was assessed by treatment group using a multivariate Cox PH model adjusted for tumor size, central tumor grade, nodal status, and age. The HRs for DR for a 50-point change in RS in the separate treatment groups, adjusted for tumor size, central tumor grade, number of nodes, and age, are shown in Figure 3 . Additional analyses indicated that there was no significant RS ϫ treatment interaction in any subgroup (ie, P Ն .34 in all patients, P Ն .33 in N0 patients, and P Ն .40 in Nϩ patients), with tumor grade assessed either centrally or locally.
RS, Adjuvant! Online, and Recurrence
The correlation between predicted risk of DR by RS and of recurrence by Adjuvant! Online for N0 patients was low but statistically significant when Adjuvant! Online was calculated using central grade (Spearman rank correlation ϭ 0.23; P Ͻ .001; Fig 4) or local grade (Spearman rank correlation ϭ 0.22; P Ͻ .001); only approximately 5% of the variability in the estimates of recurrence using either of these scores was explained by the other. Thus, the prognostic information from RS was independent of the prognostic effect of Adjuvant! Online and vice versa. In a model adjusted for treatment, RS and Adjuvant! Online each provided a comparable degree of mutually independent predictive information (⌬ 2 ϭ 21.9, P Ͻ .001 for both). Similar results were observed for local grade and for Adjuvant! Online estimates of OS (data not shown). 
DISCUSSION
Over recent years, increasing proportions of patients with breast cancer have been diagnosed with small hormone receptor-positive tumors and negative axillary nodes. Overall, these patients have relatively good prognosis, which is improved further by adjuvant endocrine therapy that virtually all hormone receptor-positive women are scheduled to receive. However, some of these patients are destined to experience relapse even with endocrine therapy and would appropriately be considered for adjuvant cytotoxic chemotherapy.
Clinical parameters can help characterize risk and, in some cases, have been integrated as convenient Web-based algorithms as with Adjuvant! Online. 10 However, parameters such as tumor size and nodal status do not reveal the wide molecular heterogeneity seen between breast tumors even within the hormone receptor-positive subgroup.
13-14 The Oncotype DX test uses molecular features of tumors to stratify the residual risk of DR in patients with hormone receptor-positive N0 primary breast cancer treated with tamoxifen. This test had not been assessed for its prediction of residual risk in AI-treated patients. The current analysis within the ATAC trial population, in addition to providing a set of patients treated with the AI anastrozole, has provided a more contemporary population of tamoxifen-treated patients than those reported previously and has also validated the test for patients from outside of North America. Although there were several statistically significant differences in baseline characteristics between the hormone receptor-positive ATAC patients included and not included in this study, the magnitude of the differences was small and not clinically meaningful.
Strengths of the study are its use of a standardized quantitative assay where all the methods and the analysis plan were prospectively defined and all of the laboratory data were obtained blinded to study outcome or other clinical factors. The robustness of the RS was confirmed by its prognostic value in the presence of both local and central grade. The higher HR for DR when using central grade was unexpected, but this was not significantly different from the estimate using local grade. In addition, the primary end point examined, TTDR (ie, DR-free interval), is clinically highly relevant, being a strongly predictive surrogate marker for breast cancer-specific mortality. 15 Moreover, the clinical follow-up in this study (median, 8.5 years) was relatively long.
The results from the RS were highly consistent with all the previous observations. A low RS (Ͻ 18) was associated with a low (3% to 7%) likelihood of DR at 9 years in N0 patients in this study and was associated with excellent OS.
The results of the overall ATAC study indicate that there is a 16% relative reduction in the rate of DR for patients treated with anastrozole compared with patients treated with tamoxifen. 7 In this study, the HR for RS was similar in both treatment arms, and there was no significant interaction of RS with treatment arm. Thus, the relative risk reduction for anastrozole compared with tamoxifen is similar across different values of the RS, and accordingly, the absolute benefit for anastrozole compared with tamoxifen would be predicted to be larger in patients with a high RS and smaller in patients with a low RS. However, the number of patients available for analysis does not allow accurate quantification of this difference, and the possibility of some interaction between RS and treatment cannot be fully excluded.
We have confirmed the previous observations from the National Surgical Adjuvant Breast and Bowel Project B-14 2 and Eastern Cooperative Oncology Group 2197 16 studies that there is a poor correlation between the RS and Adjuvant! Online, but we also confirmed that both measures provide substantial independent prognostic information. The independent prognostic nature of standard clinical parameters, such as tumor size, tumor grade, and patient age, which are used in Adjuvant! Online, and the molecular predictors used in the RS indicates that there is an opportunity to combine the two types of measures to provide a single integrated prognostic tool for the oncologist. A proper comparison between the RS and Adjuvant! Online in Nϩ patients could not be performed because of variable nodal status, which is included in Adjuvant! Online but not in the RS.
Although our study did not directly evaluate the value of RS in predicting the benefit of chemotherapy, other studies, such as the National Surgical Adjuvant Breast and Bowel Project B-20 4 study, the Southwest Oncology Group 5 study, the study by Gianni et al, 17 and the study by Chang et al, 18 suggest that there is little, if any, benefit of chemotherapy for patients with low RS tumors for a variety of chemotherapy regimens. Thus, the absolute risk reduction associated with the addition of chemotherapy to hormonal therapy in patients with low RS and one to three positive nodes is likely to be modest, at least in the first 10 years.
In summary, this study has confirmed the performance of RS in postmenopausal hormone receptor-positive patients treated with tamoxifen in a large contemporary population. It demonstrates for the first time that RS is an independent predictor of DR in N0 and Nϩ hormone receptor-positive patients treated with anastrozole. The information from the RS adds to that provided by standard measures such as nodal status, patient age, tumor size, and tumor grade. The established relationship between RS and DR for tamoxifen may now be applied for anastrozole with an approximately 16% adjustment for the lower risk of DR with the AI. Spearman rank correlation = 0.23 P < .001
